Abstract: Lao-native beef cattle are primarily Bos indicus, and most ruminant production in Laos is still dominated by small-scale or backyard producers that use traditional practices, resulting in low productivity. The cattle herd size in Laos has grown by an average of 5 percent per year from 1.52 million in 2010/11 to 1.81 million in 2014/15. In 2016, the Laos cattle population was 1.88 million head, with smallholder farmers representing 98% of production despite efforts by the Laos government to develop commercial-scale farms. There were 170 commercial cattle farms in 2016, with 56 percent in the Central region of Laos. Although, overall, ruminant meat production has tended to increase but with consumption at 7.29 kg/capita/yr in 2013, it remains insufficient to meet demand. Crop residues and agro-industrial by-products used in ruminant diets include rice straw, cassava pulp and wet brewers' grains as roughage, energy and protein sources, respectively. The Belt and Road Initiative proposed by China in 2013 will connect China closely with all countries in Southeast Asia. This initiative will change landlocked Laos to land linked for investors who will benefit from convenient transport at a lower cost, promoting agricultural production in Laos.
INTRODUCTION
The Lao People's Democratic Republic (Lao PDR, or Laos) is a landlocked nation with an area of 236,800 km 2 located in the heart of the Greater Mekong Subregion (GMS), Laos shares borders with five countries: People's Republic of China and Myanmar in the Northwest, Cambodia in the South, Vietnam in the East, and Thailand in the West. Laos has the lowest human population of the region, with 6.4 million people (27 people per square kilometer), and around 67% of the population lives in rural areas [1] and are dependent on agrarian activities for their livelihoods. Most livestock, including buffalo, beef cattle, poultry and swine, are produced by villagers using traditional practices, resulting in low productivity. The Lao-native beef cattle are primarily Bos indicus [2] . The coat colors of these cattle are mainly yellow to brown and black, however various other coat colors are also observed.
This paper presents an overview of the Laos beef sector, including a review of the current situation and changes over recent decades on the Laos beef cattle industry including beef production, consumption, recent trends, and future prospects.
CURRENT SITUATION FOR BEEF PRODUCTION IN LAOS Regional distribution of beef cattle in Laos
Smallholder livestock owners in Laos traditionally keep cattle as a means of storing wealth, a source of income, for meat consumption, livelihoods, to provide draught power for trans-port, traditional culture, and provision of manure as fertilizer for cropping. Ruminant production in Laos is still dominated by small-scale or backyard producers using traditional techniques with mostly indigenous breeds usually kept under free range situations; ruminants graze on natural pastures, on the roadside, on fallow land, in paddy fields after the harvest, and in the forest, hence natural pastures represent the main source of ruminant feed in Laos. FAOSTAT [3] reported the total arable land of Laos is about 1.52 million ha and permanent meadows and pastures approximately 0.67 million ha in 2014. Moreover, the quality and quantity of the natural forages found in Laos depend on the plant species and season [4, 5] . There is a general decline in crude protein content in most common forage crops from the rainy season to the dry season. Although the rainy season produces high quantity and quality forage, feed resources are inadequate because ruminants are not allowed to venture onto the wetlands or the rice paddy fields during the rainy season. As rice growing occupies an important proportion of arable land in Laos, farmers tend to restrict the number of cattle they raise to avoid excessive damage to rice paddy fields for which the owner is held responsible. This controls ruminant nutrition to feed accessible on the roadside, levy banks and other non-cultivated areas.
Currently, livestock is one of the fastest growing agricultural subsectors in Laos. It was reported that cattle herd sizes have grown by an average 5 percent per year, from 1.52 million in FY2010-2011 to 1.81 million in FY2014-2015 [1] , with this growth is motivated by rapidly increasing requirements for livestock products by 3.5 to 4.0 percent annually, leading to expanded livestock production in Laos [6] . This demand is being driven by increased incomes and urbanization. . The growth in cattle production is mainly to meet increasing domestic demand. Recently, there has been a trend towards higher quality food and food diversity, mainly because of the growing economy and the open market systems. Although, beef consumption in Laos is almost 100% of the total meat production of the country, high quality beef needs to be imported for restaurants and supermarkets in Vientiane, the Laos capital. The Laos government's objective is to improve beef production by increasing the live weight of the Lao-native cattle and by introducing exotic breeds. Recently, Wagyu cattle farming in Laos has been established with the aim of providing high quality meat. Whilst the supply of bovine meat can fulfill domestic needs, the country relies on imports to provide breeding animals to household producers. In addition, export of livestock products from Laos is very limited and the export value of meat is low (Table 3) and has fluctuated over the years [6] .
Beef production in Laos
Ruminant production in Laos is still dominated by small-scale or backyard producers. Growth performance of ruminants is [1] . Crop residues along with agroindustrial by-products are important in the feeding of ruminant animals under different systems. However, the value of cropresidues or agro-industrial by-products from in a particular area depends on the amount and type of crops grown in each area. Based on a review of the literature, the most common crop residues and agro-industrial by-products used in ruminant diets are rice straw, cassava pulp and wet brewers' grains as roughage, energy and protein sources, respectively.
Laos had a total paddy rice area of 957,836 ha [3], hence rice straw is the most abundant feed resource for ruminants (Table 5 ). Rice straw is low in protein, so cannot support adequate microbial growth and/or meet the nutrient requirement for increased performance of ruminants. Ways for enhancing the feed value of crop-residues include the treatment of rice straw with urea or alkaline chemicals such as lime [17] [18] [19] , although most of these techniques have not been adopted in the traditional smallholder sector. Even though chemical treatment has showed positive effects for voluntary feed intake and nutrient digestibility of rice straw, its applicability in rural areas is restricted due to the cost and availability of these chemicals. Importantly, after harvest the majority of rice straw are considered as a problem and are often burnt to clear the fields for the next cropping season.
Cassava farms are needed not only for a major source of income for rural households but also for use in ruminant diets. During the period 2005 trough 2012 there were 12 private domestic and 11 foreign companies registered to manage cassava . Currently, there are 5 cassava starch factories with a total planted area of 60,475 ha, and annual production is of the order of 1.6 million tonnes [21] . Cassava pulp is an agro-industrial by-product of the cassava industry and is a potential biomass source for ruminant production because it contains significant amounts of starch suitable as a feed energy source. Wet brewers' grains are generated form the manufacture of beer. Previous research has shown that the brewers' grains are of high nutritive value, notably for their crude protein, crude fiber and nitrogen free extract content. They have become widely used as protein source in ruminant feeds because the cost of wet brewers' grains in the Laos capital, Vientiane is low at approximately 0.156 US$ per kilogram dry matter (8,323 LAK = 1 USD).
Disease problems in ruminants: Even though foot and mouth disease (FMD) and haemorrhagic septicaemia (HS) are considered as important constraints on large ruminant health and production in Laos [25, 26] , some smallholder farmers do not have access to vaccines and some are not concerned about control as almost all farmers has little understanding of and lack funds to improve husbandry. Khounsy [27] reported that FMD virus serotype O is the dominant cause of FMD outbreaks in Laos during 1998 to 2005. The majority of outbreaks occurred in Vientiane Capital (28%) and the highest number of outbreaks were reported in cattle (61%); followed by buffalo (27%) and pigs (12%). All type A outbreaks occurred in cattle. Type Asia 1 outbreaks were reported in the central provinces around Vientiane Capital between 1996 and 1998. Moreover, FMD outbreaks were reported in at least 4 of the 8 Northern provinces in Laos in each year from 2009 to 2011 with outbreaks occurring in 2 of the 3 years Xiangkhouang, Sayaboury, and Houaphanh provinces [26] . The estimation of financial losses due to FMD per household was USD 1124, USD 862 and USD 381 in Luang Prabang, Xiangkhouang, and Sayaboury, respectively, being 60%, 40%, and 16% of the household annual income [28] . In spite of livestock vaccination rates increasing nationally between 1999 and 2011, the vaccination rate for cattle in Laos is less than 60% and is mainly for HS, reflecting the low availability of vaccines and veterinary services in Laos where only 2% of rural villages have access to a veterinary clinic [26] .
It has been reported that farmers treated the FMD infected ruminants by using of traditional medicine such as star-fruit and lime juice, commercial vinegar and boiling tree bark (Ptesocarpus pedatus Pierre) to wash FMD lesions [28] . Additionally, penicillin is used on some affected ruminants, and sick animals are regularly isolated from the healthy animals. In fact, most farmers have been willing to pay up to 0.8 dollars per dose for vaccines [26, 28] . However, FMD control in Lao PDR requires regional international cooperation, as promoted by the Regional Coordination Unit of The World Organisation for Animal Health (OIE) sub-commission for FMD in southeast Asia (SEAFMD) that has developed a roadmap for disease freedom by vaccination by 2020 [26] . Importantly, vaccination strategies must be complemented with other recommended interventions, including developed animal movement control and quarantine, improved surveillance and reporting, plus public awareness of FMD disease risk.
FUTURE PROSPECTS FOR BEEF PRODUCTION IN LAOS
Lao PDR's population and income levels continue to increase, and new trade agreements have opened the door for significant growth in the meat industry. The demand for bovine meat in Laos is increasing, generating an opportunity for smallholder farmers particularly in the bigger cities, with the most outstanding production growth in Savannakhet, Vientiane, Champasak, Xiangkhouang, and Sayaboury [6] where fattening of cattle has quickly developed in recent years because bovine meat prices increase of 42% to 48% between 2011 and 2013 [29] . Recently, Wagyu cattle farming in Laos has been established with the aim of providing high quality meat in Xiangkhouang Province. However, there are a number of obstacles to address in order for this opportunity to be realized, notably feed quality and availability. In addition, vaccination to prevent common diseases is essential to minimize economic losses.
Since China proposed the Belt and Road Initiative (BRI) in 2013, Laos has been a major partner in cooperation. Sev- 1) Crop Production in Lao PDR [22] .
2) The quantity of rice straw produced 8.31 million tons/yr (55%) from 15.11 million tons/yr of rice production [23] .
3) Cassava pulp is 15% of cassava starch production [24] .
eral railways are planned or under construction, stretching from Kunming in southwest China, crossing Vietnam, Laos, Cambodia, Myanmar, Thailand, Malaysia, and ending in Singapore, which will connect China closely with all countries in Southeast Asia. Importantly, BRI will turn Laos from a landlocked nation into one which effectively links various countries because the railways will help to facilitate people-to-people exchanges, reduce travel time and costs, and promote agricultural production in Laos.
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